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® Amphlphflic high polymer and process for producing the same, 

© An amphiphiBc high polymer comprises a linear recurring unit containing at least one divalent organic group 
(R,) having at least two carbon atoms, at least one divalent organic group (Ri) having at least two carbon atoms, 
and at least one C«wo hydrocarbon-containing group (Ri) which may have one or more substituent groups, said 
organic groups R, and R, being connected to each other by a divalent connecting group, and said hydrocarborv- 
containing group Rs being boned to said recurring unit by a covaient bond, and the method for producing the 
same comprises poiycondensating a combination of monomers containing R, and Ra. 
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AMPHIPHiUC HIGH POLYMER AND PROCESS FOR PRODUCING THE SAME 



This invention relates to an amphlphffic high polymer, in particular, a modified amphiphific high polymer 
which can be formed into a film by the Langmuir-Blodgett technique, and a process for producing the same. 

It was found by Ungmuir and Blodgett in 1930s that fatty acids having ca 16 to 22 carbon atoms can 
form a monomolecuiar film on the surface of water and such a film can be but it up or laminated on a 
s substrata. However, it is only in recent years that investigation of their technical appficafion was started. 

Outline of investigations hitherto made has been reviewed in "Kbtai Butsuri (Physics of Solids)," 17 - 
(12). p. 45 (1982): "Thin Solid Film." g,No. 1 (1980): fokl, S& Nos. 1. 2 and 3 (1983): a L. Gains, 
"Insoluble Monolayers at Liquid-gas Interface." intersciene Publishers, New York (1966): etc However, 
conventional Langmuir-Blodgett films (hereinafter referred to as "LB film") of saturated straight chain 
to carboxyfic acids are not satisfactory in such points as heat resistance and mechanical strength and. 
therefore, could not be put into practical use as they are. 

In order to overcome the above disadvantages, investigation have been made on polymeric films of 
saturated fatty adds, such as artricosenic acid, «-heptadecenlc acid and tt-octaojecyiacryfic add: and 
unsaturated esters of fatty acids, such as vinyl stearate, octadecyi acrytate; as well as derivatives of 
is cfiacetylene- Those films, however, are not sufficiently heat-resistant and have only poor electrical prop- 
erties, it is also known that some hydrophiGc group-containing polymers, such as poiyacrylic adds, 
polyvinyl alcohols, poly ethyl acrylates and polypeptides, also have film-forming properties. However, none 
of them are suited as a material for LB films, and no investigations have been made on modification of 
polymers to be used, in particular, as a material for LB films. 
20 On the other hand, heat-resistant films have been produced from polyimides. However, polyimide films 
prepared by the spin coat method or the like usually have a thickness greater than 1 urn, or at best 1 ,000 
A. It is therefore very difficult to produce a heat-resistant film having a thickness of 1,000 A or less and, at 
the same time, free from pin holes. 

It is an object of this invention to make it possible to form films in accordance with the Langmuir- 
25 Blodgett technique, by means of modification of high polymers which could hardly be formed into a film by 
the Langmuir-Btodgett technique. 

It Is another object of this invention to provide an amphiphiUc high polymer suited for forming a 
polymeric LB film having a thickness hardly attainable by conventional process and having improved 
characteristics in heat and chemical reistances, as wen as in physical properties, such as adhesiveness, 
so It is a further object of this invention to provide a process for producing such a high polymer. 

According to this invention, there is provided an amphiphific high polymer, which comprises a linear 
recurring unit containing at least one divalent organic group (Ri) having at least two carbon atoms, and at 
least one divalent organic group (Hz) having at least two carbon atoms, and contains at least one Citwo 
hydrocarbon-containtng group (Rx) which may have one or more substrtuent groups, said organic groups R t 
as and R» being connected to each other by a divalent connecting group, and said hydrocarfxm-containing 




groups R 3 being bonded to said recurring unit by a covalent bond 

Figures 1 through 7 are the schematic diagrams of the representative devices of MIS structure, 
Figures 8 through 10 are those of MIM structure, and figures 11 through 13 are those of IM structure. 

Figs. 14 and 15 show respectively the *H-NMR spectrum and the IR spectrum of N^'-distearyf-p- 
40 phenyleneolamine. 

Figs. 16 and 17 show respectively the 'H-NMR spectrum and the IR spectrum of potyamide 
synthesized in Example 1. 

Rg. 18 shows the result of the foermal analysis (TGA-DTA) of poryamide synthesized in Example 1. 
and Fig. 19 shows the surface pressure-area curve of poryamide in Example 1. 

45 figs. 20 and 24 show respectively the IR spectra of the potyamides synthesized In Examples 7 and 
8, and Figs. 21 and 25 show the results of the mermc^ravimetric analysis (TGA-DTA). Fig. 22 shows the 
result of the thermogravimetric analysis obtained when the polymer was heated to 300 °C at a rate of 
10°Cfrnin and maintained at that temperature for one hour, and Fig. 23 shows the IR spectrum- obtained 
after heat treatment at 300°C for one hour. 

so Also, Figs. 28 and 27 show respectively the surface pressure-area curves of the high polymers 

synthesized in Examples 7 and 8. 

Fig. 28 shows the IR spectrum of the precursor obtained in Example 10; Rg. 29, the result of the 
thermogravimetric analysis (TGA-DTA) of the precursor obtained in Example 10; Rg. 30, the result of the 
thermogravimetric analysis (TGA-DTA) in the case where the precursor obtained in Example 10 was heated 
from room temperature to 400 °C T maintained at that temperature for one hour, and then, after lowering to 
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room temperature, further raised to 1000 P C; Fig. 31, the relationship between surface pressure and area per 
recurring unh measured In the case where precursor obtained in Example 10 was spread on the surface of 
water in accordance with Btample 11; Fig. 32, the FUR spectrum of the multilayer films obtained by 
depositing the above described film spread on the surface of water, on a CaF> plate by LB technique; and 
6 Fig. 33, the relationship between surface pressure and area per recurring unit of the precursor obtained in 
Comparative Example 1 . 

Fig. 34 shows the IR spectrum of the precursor obtained in Example 15. and Fig. 35 shows the result 
of the thermal analysis. 

Fig. 36 shows the surface pressure-area curves of the precursor obtained in Example 15 and of the 

io same mixed with an equimolar amount of stearyi alcohol. 

Fig. 37 shows the IR spectrum of the high polymer obtained in Example 17; Fig. 38, the result of the 
thermal analysis (TGA-DTA); and Fig. 39, the relationship between surface pressure and area per recurring 
unit in the case where the high polymer obtained in Example 17 was spread on the surface of water in 
accordance with Example 18. 

75 Fig. 40 shows the IR spectrum of the amphiphiiic high polymer obtained in Example 19, and Fig. 41 

shows the result of the thermograv^rnetric analysis. Fig. 42 shows the weight change (TQA) and the heat 
change (DTA)'when the high polymer was heated from room temperature to 450°C and maintained at that 
temperature for one hour. 

Ftg. 43 shows the relationship between surface pressure and area per recurring unit in the case 

20. where the amphophilic high polymer obtained in Example 19 was spread on the surface of water, and Fig. 
44 shows the surface pressure-area curve of said high polymer mixed with an amount of stearyi alcohol. 

Fig. 45 and 46 show respectively the 'H-NMR and IR spectra of the amphiphiflc high polymer 
obtained in Example 20, and Fig. 47 shows the result of the therm og ra vi metric analysis. Fig. 48 shows the 
weight change {TQA) and the heat change (DTA) when said high polymer was heated from room 

25 temperature to 500* C and maintained at that temperature for one hour. 

Fig. 49 shows the IR spectrum of the ring closure product obtained by heating at 500*C for one hour, 
Fig. 50 shows the relationship between surface pressure and area per recurring unit in the case where the 
amphiphiiic high polymer obtained in Example 20 was spread on the surface of water, and Fig. 51 shows 
the surface pressure-area curve of said high polymer mixed with an equimolar amount of stearyi alcohol. 

so Fig. 52 shows the IR spectrum of the amphiphiBc high polymer obtained in Example 21, and Fig. 53 

shows the result of the mermogravimetric analysis. Fig. 54 shows the weight change (TGA) and the heat 
change (DTA) when said high polymer was heated from room temperature to 400 °C and maintained at that 
temperature for one hour. 



Fig. 55 shows the relationship between surface pressure and area per recurring unit in the case 



35 where the amphoteric high polymer obtained In Example 21 was spread on the surface of water, and Fig. 
56 shows the surface pressure-area curve of said high polymer mixed with an equimolar amount of stearyi 
alcohol 

To be more specific the high polymer of this invention comprises as a basic skeleton a linear recurring 
unit represented by one of the following formulae. 
40 — fc- A-RrAB-FVB — (1) 



— £ B-R,-BA-R*-A -9— (3) 
wherein R, represents an organic group having a valency of at (east two and containing at least two carbon 
atoms, and Ri represents an organic group having a valency of at least two and containing at least two 
45 carbon atoms, at least one of the groups R, and Ra being preferably a group comprising a benzenoid 
structure containing at least 6 carbon atoms. 

In the above formulae (1) to (3), AB and BA represent a divalent connecting group formed by a reaction 
between acidic group A and basic group B wherein both groups contain hetero atoms such as O, N. S, P 
and B. As examples of such groups, mention may be made of the fallowings: 
so A: -COOR (R represents aflcyl group or hydrogen atom), -COX (X represents Ct or Br), -NCO, -NCS, -CN, - 
CONHR, -SOjNHR, etc 
B: -NHR, -OR, -SR, -X, eta 
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AB: -CNH- , -CO-, -CS-, -NHC0-, -25KCS- , -NECQ-, 

0-l« it ii o 

OOO O 0 s 

-NHCS- , etc. 

i 

S 

ro 3A: -NHC-, -OO, -SO, -OOJH-, -SC3IE-, -OCSTH-, 

" " II II I B a 



OOO 0 s 



-SCNH-, etc. 

T5 I] 

s 

The ampfifphiBc high polymer of this invention is modified by introducing into any of the recurring unit - 
0) to (3) at least one, preferably two, covaiently bonded hydrocarbon-containing groups R 3 containing 10 to 
^ 30, preferably 16 to 22 carbon atoms, in order to make it possible to form a thin film in accordance wfth 
Langmuir-Blodgett technique. 

Such a modification can be effected byz 
[I] Substituting one or more atoms contained in AB and/or BA groups of said finear recurring unit (1). 
(2) or (3) by one or more R, groups; 

PU Directly substituting B, and/or R, groups by one or more Ra groups: or 

[HI] Introducing one or more R» groups into R, and/or Ra through the substJtuent which is not involved 
in the formation of the linear recurring structure. 

It is a matter of course that me above modification methods [l] r [11] and [HQ can be applied in 
combination. In the case where more than one Ft groups are introduced into one recurring unit the Ra 
groups can be either the same or different 

The above modification methods wfll be further explained hereinbelow. 
As specific examples of [I], mention may be made of the foflowings: 



25 



30 



35 AB SA 

-C-N- -N-C-O- -N-C- -O-C-N- 

.8 I 8 . 8 

o , O 0,0 

i 3 i 3 ^ t 3 

I j - II 

o , S o , s 

50 j | J 

S etc. S etc. 



55 



In the modification method [I] shown above, hydrogen atom attached to the nitrogen atom contained in 
group AB or BA is substituted by R* groups. 
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In the modification method [If], R, is directly introduced into R, and/or R, to form, for example, recurring 
units as shown below. 



(1) ' 



(1)" 



d) 



The above-described modification method Oil] comprises much more possibilities. To be more specific, 
in the case of [HI], at least one of the groups R, and R» must be an organic group having a valency of at 
least three, and one or more substitutional groups R, are introduced into group R, or R» -through the 
substftuent which Is not Involved for the formation of the recurring structure. As examples of combinations 
so of R, and Rz where R, has a valency equal to. or greater than, that of R* and both of them have a valency 
not greater than 6, mention may be made of the followings; 



TO 



-A-R-, -AB-R, -B- 



! I 



75 



-A-R--AB-R--B- 

il 2 



-A-R..-AB-R--&- 
1 1 2 
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40 



Valence of R^ Valence of R 2 

® 3 .2 

@ 4 2 

5 2 continued 
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Valence of ^ Valence of R 2 
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Of the above combinations, those comprising R, and R, groups having a valency of up to 4 can be 
particularly preferable, although the valencies of the groups are not limited thereto. 

Specific examples of linear recurring units comprising combinations of R, and R* groups having the 
so following valencies are shown herartbelow: 
R, = 3. Ra = 2 
R, = 4, Ft = 2 
R t = 3, Ra - 3 
R. - 4. Ra = 3 
35 R, = 4. R, - 4 

When R, is trivaient and R, is cfivatent 
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76 



/ 



*1 



AB - R2 - B — - 



(4) 



B 



i 



/ 

A AB - 1*2 



- B 



(5) 



A 

/ 



BA - R2 " B 



(6) 



40 



/ 

A BA - R 2 



-.B 



(7) 



50 



BA - R2 - A 



) 



(3) 
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— — B BA - R 2 - A — — 

When Ri is tetravalent and R 2 is divalent: 

" A A > 

.1 \ / 

I / \ 

-j A' AB - R 2 - B 



i 

! 



N 

A' N AB - R 2 - B — '- 



(9) 



(10) 



(11) 



A' AB - R 2 - B — =• 



(12) 



A BA - R 2 - B 



A 



J 



BA - R 2 - B 



(13) 



(14) 
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. R i. 



BA - R 2 - 3 



(15) 



A .A 

\ ./ 

/\ 

B BA - R 2 - A 



1 



J 



(16) 



b' BA - R 2 - A — ; 



! 



B BA - R 2 - A 



N 



(17) 



(18) 



When R]_ and R-, are trivalent: 

i .A 



A AB 



B 



(19) 
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A. AB 



R 2. 



(20) 



& AB B 



(21) 



.A / R \ 



A 



, R \ / R2 \ 

A. BA B 



(22) 



(23) 




A 



A BA B 



(25) 
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10 



(26) 



15 



20 



A A 

/ / 1 

R l R 2 i 

/ \ / \ ! 

B BA A — i- 



B BA A 



(27) 



(28) 



so 



,B 



B BA A 



(29) 



s 



B 



I 



R l R 2 



(30) 



When is tetxavalent and R2 is trivalentr 
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— — A AB 5 



(31) 
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A A B 

\ S 

' \ / \ 

A AB B 



(32) 



A ,B .-A 

\ / / 

A AB B 



(33) 



A /B 

\ / 



B 



*1 R 2 

/ \ / \ 
AB 



B 



(34) 



/\ / R2 \ I 

A AB 3 - 



(35) 



B s ,B -B 

\ / 

/ \ / \ 

A . AB B 



(36) 



A A ,A 

\ / 

Rl R 2 

A BA B 



(37) 
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A .A B 

A BA X B 



(38) 



A B A 

/ \ / X 

A BA B 



(39) 



A BA B 



(40) 



^ X 



(41) 



B .B -B 

, R 1 *2. 

/ \ / X 
A BA' B 



(42) 



A A A 

\ / / 

/ \ / \ 

B BA A 



(43) 
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70 



i \ ,<- A 



,B 



*1 



B 



, R K 



(44) 



R l R 2 



B 



(45) 



20 



R l &2 1 
B X BA S A 



(46) 



30 



35 



1 BA X A 



(47) 



40 



B 



(43) 



45 



When Hi and are tetr avaleiit. : 



50 



A A A 

\ / \ / 

/ \ / \ 

& AB B 



A > 



(49) 
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A A A B 

\ .- v- 

A AB B 



(50) 



A ,,B A ,A 

\ s \ ' 
R l R 2 



J 



(51) 



A ,A B /B 

/ R l , R 2 
A AB 



^B — 



(52) 



/B A /B 1 



J 



(53) 



B B A /A 

\ / \ / 

Ri *l 



! 



(54) 



A ..B B 

/ \ / \ 



A AB 



B 



(55) 
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3 .B A ,,B 

\ \ 

A AB B 



(56) 



B B B 

\ / \.y 

R L R2 

/ \ / \ 



AB 



B 



(57) 



A A A /A 

\/ \/ i 

^ BA ' 



(58) 



A A A -B 

v/ \ A 

/ \ / \ 

A BA B 



(59) 



A B A ,A 

\ / 

/ \ / x 

A 'BA "B 



(SO) 



,.A B /B. i 



I BA NB 



(61) 
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A 



B A -B 



R l *2 
A BA • B 



(62) 



B B A -A 

V'' \/ 

*1 .R2 



(63) 



B y% 




BA 



B 



(64) 



B 



/3 A /B 



(65) 



B 



„B B .B 



Rl R 2 



(66) 



A ,A A A 



(67) 
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-A A 



/ \ 

B BA 



(63) 



A" .B A , A 

\ / \ ' 

/ \ / \ 

B "BA \A 



(69) 



\ 

/I ?2^ 

/ \ / \ 
B BA A 



(70) 



/B A yB 



B 



A 



(71) 



B /B A ^A "T 

\ / \ / i 

/ \ /' \ 

B BA N J 



J 



(72) 



A JB B /B 

\ / \ / 

/ \ / \ 
B BA A — — 

> 



(73) 
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B A 



\ 



*2 



\ 



BA 



(74) 



70 



75 



B B B 

\ s \ / 

/ \ / \ 
B 3A \A 



(75) 



In the above formulae (4) to (75), there are groups A and B not involved in the formation of the recurring 
structure. In the modification method [III] mentioned hereinabefore, R, is introduced into such groups, for 
example, by substituting atoms or groups contained in A by such groups as -COOR* -CONHR* «NHCOOR 3 
and -NHCSORa, or by substituting atoms or groups contained in B by such groups as -NHR* -OR, and - 
SRj. 

Explanations will be given herein below on R» and R* R, is a group having a valency of at least 2 and 
containing at least 2, preferably 5 to 20, carbon atoms. It may be an aromatic group; an aliphatic group; an 
alicyclic group; a group in which an aromatic group is combined with an aliphatic group; a group in which 
one of the above-mentioned groups Is combined with a monovalent group having 1 to 30 carbon atoms 
selected from the group consisting of an aliphatic group, an alicyclic group, an aromatic group and a group 
in which an aliphatic group is combined with an alicyclic group or an aromatic group; or a group wherein 
each of the preceding groups is substituted by a monovalent group such as a halogen atom, nrtro group, 
amino group, cyano group, methoxyl group or acetoxyl group, or by a group In which the above monovalent 
group bonds to -0-, -COO. -NHCO-, -CO, -S-, -CSS-, -NHCS-, -CS-. or the like. Groups comprising a 
benzenoid structure having at least 6 carbon atoms can be preferred as R, or R* with regard to heat 
resistance, chemical resistance, physical properties, etc 

The term "benzenoid structure " refers herein to the structure of carbocydic compounds as contained In 
ordinary aromatic compounds, as contrasted with quinoid structures. 





P-Quinoid 



As specific examples of R, and R 2 , mention may be made of the followlngs: 
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(CHs)p-{p - 2-10) . - (CH-U-C— (C3=) 

H 

CSia Cn3 
I I 
(Cfc)i-i S — (C«i)3 - , - (CHi) — C — (CKOa 

CH3 CHs 

cn,o 
3 i 

1 I 

H 

• (C H= )s-0 — (C Hs h-0 — (C 5k )3 - , 

I I II 

■Zlz — C (CHOtC-CHz - . -CflsC (CHsteC-CH: 
I 1 
H H 



CH3 CS3 
I ( 

- (chos -si-o-si- ccai)3 - 

I I 

CHs C32 



C22 CHa 
I I 

- CCHO* -Si-O-Si- CCH;)a - 
I I 
CHs C23 



22 



0 230 539 



Co Hs 

I 

- (C Hi )a - S i - 0 

I 

Co- Hs 



Cc Hs 
I 

Si- (C Ha )s - 



C 6 H 5 




CH3 

I 



.C33 



-?'-<Q>- 

CHa ' 



CHa CHa 

I I 

- (CHz)a - Si -0 -Si- (CH£)a 

Co Hs Cs Hs 



i 



CHa 



(CHx)a- Si-0 -Si-0- SL-(CK;)3 
i I I 

CHa CHa CHa 



CHa CHa 
I I 

<CH=)3- Si-0- (Si-0) n 

I I.I 
CHa CHa CHa 



CHa 

Si - (CHa)3 



2 - 
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(R 4 is as defined before) 

Rs may be a hydrocarbon containing group having 1 to 30, preferably 16 to 22, carbon atoms. 

A preferred example thereof is a monovalent group selected from an aliphatic group, a comsctihg/ u 
group of aiicyclic group and aliphatic group, a connecting group of aromatic group and afiphatiQ group, or 
substrtuents thereof. As specific examples of R* mention may be made of the followings: 
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GH 3(CH 2 t^rT, CE 2 =CH(CH 2 ) n _2, (CH 3 ) 2 CH (CHzr^g-, 

CHaC^^CsC-CsCtCHz)^ (CH 3 ) 30(^2^, /j^- (CH 2 ^ , 




TO 



(in which t +m=n-5 r n is an integer of 10 to 30, preferably 16 to 22. 

These groups may be substituted with substitutional groups, such as a halogen atom, a nttro group, an 
75 amino group, a cyano group, a methoxyl group and an aeetoxyt group and the like, however these are not 
crffical. Fluorine can be preferable as a substituent in some cases since ft is capable of imparting stronger 
hydrophobicity to the polymer than hydrogen. 

In other words, alky) groups having a shorter chain can be employed when fluorine atoms are contained 
therein. For example, in the case of CF^CHak k«2 will be sufficient to obtain a high polymer capable of 
20 forming a film. 

Specific examples of high polymers employable in the film forming process of this invention will 
become apparent by applying the examples of R,, R* R* A, B, AB and BA, as well as the modes of 
substitution of R* to formulae (1) to (75). Although no copolymers are included in formulae (1) to (75), it is a 
matter of course that co polymeric derivatives and mixtures thereof are Included within the scope of this 
25 invention. 

Furthermore, although it is not indispensable, the high polymer of the present invention may be 
substituted by groups containing 1 to 9 carbon atoms according to the processes of [Q, pi] or [111). 

There are no particular limitations on the molecular weight of the high polymer of firis invention. A film 
can be formed In accordance with the fHrn-forrrring process of this invention even when its molecular weight 
30 Is relative small in such a case, however, it may not be possible to attain good heat resistance, mechanical 
strength and chemical resistance. On the other hand, an excessively high molecular weight is undesirable 
since It may become difficult to form a film because of increase in viscosity. 

Accordingly, a weight average molecular weight of from ca. 2JQ00 to 300,000, in particular, from ca. 
10,000 to 150,000, can be preferable. 
35 Specific examples which can be advantageous in costs and easiness of synthesizing monomers and 
polymers, are shown below. However, these are not restrictive. 
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40 This invention includes not only the case where either (83-1) or (83-2) exist but also the case where 
both of them co-exist 

Other examples will be found in books, for example. "Heat Resistance of Polymers" (March 5, 1970) 
and Thermal Decomposition and Heat Resistance of Polymers" (March 15, 1974), both edited by Hirotaro 
Kanbe and published by Barfukan Co., Ltd. 

45 This invention also provides a process for producing an amphophilic high polymer as described above, 
which comprises poiycondensating a combination of a monomer containing a first organic group (R.) and a 
monomer containing a second organic group (R a ). at least one of said organic groups R, and R* containing 
one or two Ra groups, and said combination being selected from those set forth below: 
A -R, -A + B -Ra -B 

60 A-R.-B + B-R*-B 
A -R, -B + B-R, -A 
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Wherein A represents an acidic group end B represents a basic group. 

The process will be illustrated herein below, exemplifying the cases of (76) to (178) 
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It is a matter of course to include these copolymers in the present invention. Furthermore, copolymers 
containing organic groups of trivaJent 6r higher-vatent which have at least two carbon atoms in at least one 
of R, and R», may be easily prepared according to the process as set forthe below. 
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Copolymers, thus prepared, are within the scope of the present invention as preferred embodiments, 
and is expected to improve its heat-resistance. Various copolymers other than those disclosed herein are 
included in the present invention, and these may be prepared according to the proceeding processes. 

The process for producing thin films of the modified amphiphific high polymer will be explained 
thereinbslow, referring to the case where R, = CH^CH^n formula (91). The following compound: 



0 0 
11 II 



10 CH3(CE2) rr OC ^ CQ(CHi) rrCHs 




75 



20 which can be obtained by alcoholysis of pyromellitic acid dianhydride, is acytated with thiortyt chloride at a 
temperature not tower than -10°C, preferably from ca 0 to 40 °C, in an organic polar solvent under a 
substantially moisture free condfition, and then the resulting product is reacted with diaminodiphenyi ether at 
a temperature not lower than -10°C, preferably from ca. 0 to + 10°C to produce the desired result. The post 
reaction may be completed at a temperature not lower than 20 °C. Acylafion and amidation are usually 

25 carried out at a temperature lower than 0°C and usually ca. -10°C. It can, however, be preferable in this 
invention to carry out the acylation and the amidation at a temperature in the temperature range described 
above since the substituent groups, such as long chain alkyl groups, of the amphiphific high polymer have a 
tendency to be frozen and solidified, ft is a matter of course that in the above production, starting materials 
having different substitutional groups can be used in combination, so as to produce a copolymer. 

30 TetracarboxyRc acid cfianhydrides and diamines, which may have no substituent groups or may have 
substituent groups containing not more than 10 carbon atoms, can also be used in an amount up to ca. 
30%. 

The thus prepared amphiphific polyimide precursor can be used as a mteriaJ for forming a film after 
having been isolated and purified, or can be added with a solvent, such as chloroform and benzene, so as 

35 to directly make a spreading solution for forming a polymeric film. 

Explanations wfll be given hereinbelow on the process for forming films from the high polymer of this 
invention. Films can be formed by the solvent casting process, the spin coating process, the Langmuir- 
Blodgett process, etc The Langmuir-Blodgett process can be preferable as a method for forming an 
oriented thin film having a thickness controlled In the order of tens A and less suffering from pin holes. 

4o k the case of the solvent casting or spin coating process, the high polymer of this invention or a 
mixture thereof can be dissolved in a solvent such as benzene, chtoroform, ethyl ether, ethyl acetate, 
tetrahydrofuran, dimethyHormamide and N,r^methylacetarntde. and the solution can be applied onto a 
substrata Although ft is not possible to orient molecules, excellent pin hole-free films having a thickness 
greater than ca. 1,000 A can be obtained in accordance with the solvent casting process or the spin casting 

45 process. 

Explanations win be given hereinbelow on the process for forming Langmuir-Blodgett films to be used in 
this invention. 

bi a process for forming a Langmuir-Blodgett film, a film-forming material is spread on the surface of 
water, and the thus spread material is compressed at a certain surface pressure to form a monomolecuJar 
50 film, which is then transferred or laminated onto a substrate by passing the substrate through tiie film. This 
is known as the vertical dipping method. Other known processes for forming a Langmuir-Blodgett film 
include the horizontal dipping method, the revolving cylindrical method, etc. (see --SShte JBden Kagaku 
Koza\ Vol.18 (Surface and Colloids), pp. 49B-508. Any conventional processes can be applied to this 
invention without any particular restrictions. 
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The Langmuir-Blodgett process is an excellent method for forming oriented thin film of not less than 
1000 A, or of several hundreds A or several tens A. The thickness of the thin films can be controBed with 
an accuracy of some tens A and the films formed on a substrate in accordance with this invention also have 
the same characteristic. However, it Is possible in this invention to form a film having a thickness greater 
5 than 10,000 A. 

Upon the formation of films according to the Langmuir-Blodgett process, there is used, m general, a 
solvent, such as benzene chloroform and the like, which is insoluble to water and vapourizabte into the 
gaseous phase. However, in the case of the high polymer of this invention, it is preferred to use a polar 
organic solvent in combination with a water-insoluble volatile solvent in order to attain an increased 

io solubility. As examples of preferable polar organic solvents, mention may be made of N.N-dimethylfor- 
mamide, N.N-dirnethylacetamide, N,N-dtethytformamlde, N,hWiethy»acetamlde, N,N-dimethytmethox- 
yacetamide, dimethylsulfoxide, N-metm/t-2-pyrro6done, pyridine, dimethylsulfone, hexamethyl- 
phosphoram'tde. tetram ethy lenesulfone, dimethyttetramethytenesulfone and the like- 
In the case where an organic polar solvent Is used in combination with a volatile solvent, such as 

75 benzene and chloroform, the latter, It Is presumed, vapourizes into the gaseous phase during the spreading, 
whereas the former dissolves into the large quantity of water. 

There is no particular limitation on the kind of substrate to be used in this invention. It depends only on 
the use or application of the film. Examples of substrates usable in this invention include those made of 
ordinary inorganic substances, such as glass, alumina and quarts; those made of metals, plastics, and 

20 semiconductors of e.g., Groups IV, llhV and H-VI of the Periodic Table, such as Si, GaAs and ZnS; and 
those made of magnetic materials or ferroelectric materials, such as PbTiO* BaTiO,, UNbOa, and LiTaO> It 
is also possible to use a substrate subjected to a conventional surface treatment The adhesion between the 
high polymer Him of this invention and a substrate can also be improved by applying a silicone coupling 
agent (in particular, a silicone coupling agent containing amino and epoxy groups) or an aluminium chelate 

25 to a substrate and then subjecting it to a heat treatment The substrate may be treated in a pturafity of 
layers with metal salts of fatty acids as conventional applied in this field. 

It is a characteristic feature of this invention that a thin film of a high polymer having a good heat 
resistance can be~ formed on a substrate in accordance with the Langmuir-Blodgett process, ft is another 
feature of this invention that some of the films can be subjected to a partial or complete ring-closing 

so treatment in order to further improve the heat resistance of the thin film formed on the substrate. 

Of the examples represented by formulae (76) to (176), those capable of being subjected to a treatment 
for forming, partly or completely, 5-or. 6-membered rings containing, hereto atoms, are set forth beJow by 
structures after ring-closure. 
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There are no particular limitations on the treatment to be employed for the ring closure. In the ease of 
imidization of a sample represented by (91), the following reaction takes place when heated at a 
temperature of around 200 to 400* C. 
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In the above case, a thin polyimide film having an excellent heat resistance can be obtained since the 
groups introduced for the purpose of imparting hydrophobicity to the high polymer can be eliminated as an 
alcohol and can be readily removed at a temperature of around 200 to 400 °C. if desired, in agas stream or 
under a reduced pressure. 

5 It is of course possible to use. with or without heating, a chemical curing agent such as acetic 
anhydride, pyricfine and quinoHne, which are usually used for forming imide. 

The film formed by depositing or laminating the high polymer of this invention on the surface of a 
substrate in accordance with Langmuir-Blodgett process and then, where desired, subjecting it to a ring- 
dosing treatment has not only good heat resistance, physical properties and chemical resistance, but also 

to excellent electrical insulating properties. In addition, the thickness of the film can be less than 10,000 A. ff 
desired, it can be formed into a film having a thickness as thin as 5.000 A, 2.000 k or, if desired, 10 to 
1,000 A. 

Even when its thickness is not more than 1,000 A, or as thin as 50 to 100 A, the film could have good 
physical properties, in particular, a dielectric breakdown voltage of not lower than 1 x 10* V/cm. In particular, 
75 in the case where it has a thickness from about 50 A to about several hundred A, there can be expected 
unique effects, such as a tunneBng effects. Many interesting applications can be made possible by utilizing 
such an effect 

Explanations will be given herein below on the uses of the thin film. 

The thin hTm of this invention can be used in a variety of fields, including such fields as electronics, 
20 energy conversion and separation of substances, by making use of its characteristics that ft has good heat 
resistance, chemical resistance and physical properties and is in the form of an extremely thin film. 

In the field of electronics, electrical conductivity, photoconductivity, optical characteristics, electrical 
insulating properties, thermal characteristics and chemical reactivity of the film can be utilized. Among such 
applications are included the following electric and electronic devices. 
25 The first type of Important electric and electronic devices that may contain the thin film of tills Invention 
is a device having a metal/msulalor/semicoriductor structure (hereinafter referred to as MIS structure). This 
is a basic structure for planar electronic devices and integrated circuits. 

In Rgs. 1 to 7 are shown schematic views of typical devices having the MIS structure. In the device 
shown in Fig. 1 , a thin insulating film according to this invention is formed on a semiconductor, and a metal 
30 electrode is formed on the film. There can be obtained various transducers, such as photoelectric 
transducer devices (e.g., solar cells), tight-emitting, light-receiving and light-detecting devices (e.g., LEO. EL 
and photoctiodes), gas sensors and temperature sensing devices, by utilizing semiconductors of Group IV in 
Periodic Table (e.g^. Si and Ge), Group III-V (ejg^ GaAs and GaP) or Group II-Vl (e.g>, CdTe, OdS, ZnS, 
ZnSe and CdHgTe). The semiconductors used in this invention can be in the form of single crystal, 
35 polycrystalQne or amorphous. 

fig. 2 is a schematic view showing a device similar to the one shown in Fig. 1. This device is provided 
with electrodes so as to make ft possible to form more than one element on a substrate. A device having 
such a structure has interesting applications as a charge-transfer device, such as a charge coupled device. 

In Bg. 3 Is shown a device in which a semiconductor layer (in many cases, a thin semiconductor layer) 
40 is formed on an insulating substrate with an electrode (which may be transparent and can be a patterned 
electrode), and a thin film according to this invention and an electrode are formed thereon. 

In Bg. 4 is shown a device similar to the one shown in Fig. 3, except that the thin film is positioned 
between the semiconductor layer and the electrode formed on the substrate. The semiconductor layer can 
be formed by any of the conventional methods, including Molecular beam epitaxy (MBE), Metal organic 
45 chemical vapor deposition (MOCVD), Atomic layer epitaxy (ALE), vacuum evaporation, sputtering, spray 
pyrofysis and coating methods. 

As the semiconductor, there can be used those mentioned In the explanation of Bgs. 1 and 2. The 
device of tills type has the same applications as those shown by Bgs. T and 2. 

Upon production of a device having a structure shown in Fig. 4. the temperature for forming the 
so semiconductor layer should not exceed the thermal resistance of the thin film according to this invention 
since the layer is formed directly on the film. However, thin films of this invention subjected to a ring-closing 
treatment can bear the temperature for forming an amorphous silicone layer. With She recent development 
in the technology of forming semiconductors at low temperatures. It will become possible to form thereon 
other semiconductor layers. 

55 Most important MIS type devices are those having so-called RET (field effect tr an s is tor) structure, in 
which channel currents are controlled by gate electrodes. Typical structures of such devices are shown in 
Rgs. 5 and 6. 
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In the device shown In Fig. 5 is used a semiconductor substrate, whereas a semiconductor layer On 
many cases, a thin layer of semiconductor) is used in the device shown in Fig. 6. 

Various devices can be prepared from an MISFET, which is a basic type of semiconductor devices. For 
example, a thin film transistor for driving liquid crystal displays can be prepared by forming MISFETs on a 
5 substrate with a large area. It is also possible to constitute integrated circuit by producing MISFETs at a 
high density. 

In addition, there are other interesting applications. When the gate electrode is dismounted from the 
devices shown in Fig. 5 or 6, and an insulating layer and/or a layer sensitive to ions, gases, or the like is 
provided thereto, they can be used for various purposes. For example, there can be obtained an ton 
io sensitive FET (ISFET). a gas sensitive FET (Chem. FET), an Immuno FET (IMFET) or an enzyme FET - 
(ENFET). 

The functions of such devices are based on electric field effects arising from the action of ions or 
various active substances on the surface of the gate insulating layer. The thin film of this invention can be 
advantageous than hitherto known inorganic layers since it can be further modified by various organic 
rs substances. In particular, in the case of a thin film according to this invention which contains long chain 
alkyl groups, there can be utilized the interaction between the hydrophobic aJkyl groups and hydrophobic 
areas of proteins. 

In Fig. 7 is shown an example of ISFET, wherein a semiconductor layer is formed on a quartz substrate 
on which are formed an insulating film and an ion sensitive film. A thin film according to this invention can 
20 be used as an Insulating film on the ISFET. 

In a preferred embodiment of this invention, a compound semiconductor of Groups tlf-V, 1HV, eta in 
Periodic Table, which usually is not capable of forming good insulating film by means of oxidation, is used 
as a semiconductor for constituting a device having an MIS structure. All the GaAs FETs so far put into 
practical use are in the form of metal-semiconductor FET (MESFET) because of the difficulty described 
25 above. However, an MIS device having according to this invention makes It possible to attain improved 
properties. For example, an MIS type integrated circuit utilizing GaAs could be drived at a low voltage. An 
integrated circuit such as (HEMT) capable of being operated at a high speed and utilizing the high carrier 
mobility of GaAs semiconductors can be produced in a very simple manner. 

Important electrical and electronic devices of a second type that may contain the thin film of this 
30 invention are those having a metal/insulator/meta] structure (hereinafter referred to as MIM structure)*. 

In Figs. 8 to 10 are shown schematic views of MIM type devices, where a metal layer, an Insulating 
•layer and a metal layer are formed, in this order, on a substrate made of a semiconductor or an insulating 
material. 

Rg. 8 shows a structure of a capacitor, which can be used as a moisture sensor by determining the 
35 change In its capacitance which may be resulted from a change in humidity. It is also possible to produce a 
transistor having an MIM structure. 

A thermoelectronic transistor can be constituted as shown m Rg. 9. 

The device shown in Fig. 10. in which a capacitor is formed on a semiconductor substrate or a 
semiconductor device, can be used as a capacitor for the memory cells of VSUs. 
40 It is also possible to produce a device which has a structure of the type shown in Rg. 10, which is so 
designed that thermoelectrons can be injected into ths semiconductor. A Jesephson junction (JJ) device 
can also be produced by employing a superconductor, such as Mb, in place of the metal. 

Electrical and electronic devices of a third type that may contain the thin film of this invention are those 
having an insulator/metal structure <1M structure), which Is schematically shown in Rg. 11. Such devices 
45 have a simple structure and can be obtained by forming a thin film according to this invention on a metal 
substrate. 

One application of such device is an oriented liquid crystal film, which can be obtained by forming a 
thin film according to this invention on a patterned electrode, usually a patterned transparent electrode, 
such as ITO. 

so Other examples of their application are shown in Rgs. 12 and 13, where a thin film according to this 
invention is provided on two independent electrodes. This kind of device can be used as a gas sensor, 
moisture sensor, or the like. 

Other examples of electric and electronic devices than those cfisclosed herein that may contain the thin 
film of this invention are described in the articles described hereinbefore, in particular, in the review by P.S. 

55 Vincent and G.G. Roberts. "Thin Solid Film", «|. pp. 135-171 (1980). 
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With regard to examples of other semiconductor devices and compound semiconductor devices, 
reference can be made to such books as E.S. Yang, "Fundamentals of Semiconductor Devices", McGraw- 
Hill Book Co, (1978), and Imai et aU "Kagobutsu Handotai (Compound Semiconductor) Devices [I] & fll], 
"Kogyo Chosakai (1984). 

5 Explanations wiB be made hereinbetow on applications other than electric and electronic devices. 

In recent years, optica! recording systems utilizing the formation of pits or a change in phase of a thin 
film containing dyes or a thin film of an inorganic substance, such as TeO*. has been widely used. The thin 
film of this invention is sensitive to heat and fight In particular, its thickness is changed or pits are formed 
when exposed to laser beams of the kind usually used in optical recording systems. The refractive index of 

to the film can also be changed by heat or fight Optical recording systems can therefore be obtained by 
utilizing such phenomena. 

As clearly described hereinabove, the thin film of this invention is sensitive to heat and, hence, a 
patterned film can be obtained by making use of this reactivity. To be more specific, when a pattern of 
areas containing thermally closed rings is formed in a thin film according to this invention and the remaining 

75 areas not containing thermally closed rings are dissolved off by use of a solvent there" can be obtained a 
pattern of the thin film. Such a pattern of thin film can be utilized as a resist since it has not only good heat 
resistance and mechanical strength but also excellent chemical resistance. In an embodiment of this 
invention, the thin film can be rendered reactive to light through introduction of alkyi chains containing 
double or triple bonds. 

20 In addition, the thin film can also be used as a cladding element or as an element for optical circuits. 

An optional circuit can be formed by making a patterned film, e-g„ in accordance with the above- 
described method for forming a resist In case of the thin film of this invention, the thickness can be 
controlled and the refractive index can be changed by .changing the kind of compounds used for Its 
preparation. This is an important factor for an element to be used for optical circuits. 

26 The film can be used preferably as a protective coating material in every field. Various functions can be 
realized according to the technique for forming mixed and layered films by using the high polymer of this 
invention in place of conventional LB materials. Such a mixed or layered film has a variety of uses. For 
example, a photoelectric converter or a biosensor can be prepared from a film incorporated with a dye or 
an enzyme. 

30 It is also possible to use the film in the field of material separation. 

It has been tried in recent years to prepare a film having fine pores on the surface of a porous film 
substrate in order -to use ft for the separation of materials. 

A thin film having fine pores can be prepared by producing a thin film in accordance with this invention 
under the existence of conventional LB materials and then subjecting it to a ring-closing treatment For 
ss example, a potyimide thin film having fine pores can be formed on a porous polyimide film, by preparing a 
thin film from a polymeric compound having a potyimide precursor structure in the presence of an excess 
of stearyl alcohol on the surface of a porous pofyimide film, and then subjecting it to a ring-closing 
treatment 

The process for producing the amphophilic high polymer of this invention and the process for forming 
40 the film of this invention will be explained hereinbetow by way of examples. 



EXAMPLE 1 

45 Preparation of N.N'-distearv^phenvleneolamine 

Into a four-necked 200 ml ftesk equipped with a mechanical stirrer and a reflux condenser were 
charged 15.6 g (0.140 mol) of 97% r^phenylenediamine. 15.5 g (0.466 mol) of stearyl bromide and 136 g - 
(0.466 mol) of powdered sodium hydroxide, and the resulting mixture was heated with stirring for ca. 3,5 

50 hours at 140 to 150°C under a stream of nitrogen gas. 

Into the reaction mixture was poured ca. 50 ml of water, and the resulting mixture was cooled to room 
temperature to give dark purple ^precipitate. The precipitate formed was filtered, and washed with hot "&z'V&5Pk 
ethanol and then with methylene chloride to give 5.77 g of pink powders of desired IW-distearyl-p- 
phenyfenediamine. Yield: 40%. The product was recrystalltzed from chloroform to give pink plates crystal. 

65 The structure of the product was determined by T H-NMR (see Fig. 14), IH spectrum (see Fig. 15), melting 
point and elementary analysts. 
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Melting point 1 02 to 1 Q3°C 
AnaL calcd for C^N,: C, 82^8%, H, 13.15%, N, 4.5% 
Found : C, 81-93%; H, 1322%, N, 4.63% 

5 

Synthesis of Polvamide 

In 140 mi of dry hexamethyiphosphoramidfr was dissolved 123 g (2 mmol) of N,WniistearyH>- 
phenylenediamine. To this was added dropwise 0.406 g of isophthaiic acid chloride dissolved in dry 
to hexamethylphosphoramida at ca. 60° C, and the resulting mixture was allowed to react for additional 2 
hours. The reaction product was poured into redistilled water, and the precipitate formed was filtered and 
washed with water and with ethanol to give grayish blue powders of the desired poryimide. 

The product was subjected to 'H-NMR, IR spectrometry, thermogravimetric analysis (TGA) and 
differential thermal analysis (DTA) and the following resufts were obtained. 

75 

^NMR Analysts 

A chart shown in Fig. 16 was obtained by proton NMR analysis. 
20 4 = 1.Sppm74H (2xC«H») 
$ = 6 -&25 pp, 8H (aromatic) 



IS Spectrometry 

By the KBr disk method was obtained the IR chart shown in Fig. 17. In the chart are observed 
absorption peaks characteristic of esters, amides I and III, alky! chains and ethers. The absorption band of 
amide II was not observed since the alky! chains are present in nitrogen atoms. 



Thermal Analysts (TOA-DTA) 

The thermal properties of the product were measured in an nitrogen stream (30 ml/min) by using an 
RTG-DTA of type H manufactured by Rigaku DenW Co„ Ltd. under the following conditions: full scale of 
35 TGA, 10 mg; full scale of DTA, 100 jxv, maximum temperature, 1,000"C; and rate of heating, 10°C/mtn, and 
the results shown in Fig. 18 were obtained. In the TGA were observed inflection points at 435, 480, 635 and 
785 8 C. It seems that the potyimide is decomposed at a temperature between 435 and 480 0 C since a 
weight reduction of 92.6% is observed at the above temperature range. In the DTA is observed an 
erKJothermic peak corresponding to the above decomposition. 



EXAMPLE 2 

In order to evaluate the basic characteristics an a Ungmuir-Blodgett film of the poiyamide, its surface* 
4S pressure-area curve (t-A curve) was drawn by the conventional method under the following concfitions: 

Equipment Joice-Loebte trough 

Solvent Chloroform 

Density: 0.795 x 10"* mol/I 

Subphase: Redistilled water (containing no Cd") 
so Water temperature: 1 8-1 9°C 

In Rg. 19 is shown «-A curve of the poiyamide. The surface pressure rises gradually up to 45 dyne/cm. 

This seems to be a region of liquid film. The curve shows a steep rise at surface pressures above 45 

dyne/cm, which indicates the formation of a solid film. The film collapses at 64 dyne/cm. The area per 

recurring unit at a surface pressure 0 (i.e., Bmiting area) was about 47.5 A/unit 
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The polyamide was spread on the surface of water, and the film formed was transferred and deposited 
onto the surface of an aluminium-evaporated glass substrate in accordance with Langmuir-Biodgett process 
(vertical dipping method), while maintaining the surface pressure at 29 dyne/cm. A reduction In the area of 
the film was observed during both raising and dipping. The transfer ratio was 1 . it is presumed that an ideal 
Y type film was Formed. 



EXAMPLES 3-4 

70 In a mixture of tetrafrydrofuran and water was dissolved 1.23 g (2 mmol) of N,tf-distearyl-p- 
phenylenedJ amine. To this was dropped with thorough stirring a solution of 0.406 g of isophthafic acid 
chloride in benzene at room temperature to synthesize a polyamide by surface pofy condensation. Hydrogen 
chloride was trapped by sodium carbonate. 

A polyamide having the formula set forth below was prepared m the same manner as above, by using 

is terephthaiic acid chloride in place of tsophthaiic acid chloride. 



20 
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it (CHa) rrCH3 
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The products were subjected to 'K-NMR, IR spectrometry and thermal analysis (TGA-DTA). Results 
obtained were almost the same as In the case of the polyamide in Example 1. 

30 EXAMPLES 5-6 

The polyamides synthesized in Examples 3 and 4 had the same basic characteristics as those of the 
polyamide obtained in Example 1. The polyamides could be deposited on an aluminium evaporated glass 
substrate by the vertical dipping method and gave a Y type film. 

35 

EXAMPLE 7 

fri a flask was reacted 1.82 g (0.01 moi) of trimeflific add anhydride with 2.70 g (0.01 mol) of stearyl 
40 alcohol at 100°C for 3 hours in a stream of dry nitrogen. 

The reaction product was dissolved in 40 ml of hexamethytphophoramide and coated to 0 to 5°C. 
Thereafter, 2.38 g of thionyi chloride was added dropwise to the reaction mixture at ca. 5°C, and the 
resulting mixture was maintained at-ca. 5°Cfor 1 hour to complete the reaction. 

Thereafter, a solution of 2 g (0.01 mol} of diaminodipherryi ether in 90 ml of almethyiacatamide was 
45 added dropwise to the reaction mixture at 0 to 5°C, and the reaction was allowed to continue for about 1 
hour after the completion of the dropping. The reaction mixture was then poured into 600 ml of ethanol to 
precipitate the reaction product The precipitate formed was filtered and dried at 40°C under reduced 
pressure to give ca. 6 g of high polymer containing the recurring unit represented by formula (82). 

The product was analysed by IR spectrometry, thermogravimetric analysis (TQA) and cfffferential 
so thermal analysis (DTA), and its molecular weight was measured by the GPC. The following results were 
obtained. 
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IR Spectrometry 

By the KBr disc method was obtained the IR chart shown in Fig. 20. which shows absorption peaks 
characteristic of esters, amides- 1, II and 111, alky! chains and ethers. 

5 

Thermal Analysts (TGA-DTA1 

The thermal properties of the product were measured in an nitrogen stream (30 ml/min) by using an 
to RTG-DTA of type H manufactured by Rigaku Densi Co., Ltd.. under the following conditions: scale of TGA. 
10 mg; full scale of DTA, 100 V; maximum temperature, 1,000°C; and rate of heating, 10°C/min. The results 
are shown in Rg. 21. In the TGA curve are observed obvious inflection points at 207°C and 2B2*C. It 
seems that decomposition takes place at temperatures above 400 °C although distinct decomposition points 
ere not observed. 

75 On the other hand. Fig. 22 shows TGA and DTA curves obtained by heating the sample up to 300 °C 
and then maintaining it at the same temperature for 1 hour. It would be seen that the decrease of the weight 
of the sample ceased when ft was heated at 300 °C for 1 hour, thereby giving a total weight reduction of 
42.8%, which agrees with the theoretical reduction rate of 43.1% calculated with the assumption that stearyl 
alcohol is eliminated from the high polymer prepared in this invention. This Indicated that the imidation had 

20 been completed and poiyamidetmides were formed. This Is supported by the IR spectrum of the product 
taken after the treatment (see Rg. 23). 



Measurement of Molecular Weight bv GPC 

26 

A number average molecular weight of ca. 20,000 was obtained by comparing the result of GPC 
measured in a. mixture of N.rWimethyiacetamide and chloroform with that of the polystyrene standard 
sample. 

30 

EXAMPLE 8 

A high polymer having recurring units represented by (83) was synthesized in the same manner as in 
Example 7, except that p-phanytenecBamlne was used instead of diaminodiphenyl ether. The results of IR 
36 spectrum and thermal analysis are shown in 24 and 25. The product obtained shows the same characteris- 
tics as those of the product obtained In Example 7. 

EXAMPLE 9 

40 

In a 5:5 mixture (by volume) of distilled chloroform and distilled dimethylacetamide were dissolved 
2.389 milliunrts, each, of products obtained in Example 7 or 8 to prepare 25 ml, each, of spreading solutions 
for LB films. 

The relationship between surface pressure and area per recurring unit was measured on the surface of 
45 redistilled water at 20° C, and the results shown in Figs. 26 and 27 were obtained. The surface pressure 
rose steeply at around 75 A 2 /unit or 50 AVunit respectively, and good condensed films were formed. Their 
limiting areas were 60 kVimtt or 36 A'/unrt, respectively, and their collapse pressures were higher than 40 
dyne/cm, which are extremely high as a polymeric LB film. 

The films formed on the surface of water were transferred onto glass or CaF 2 plates in accordance with 
so Langmuir-Blodgett technique at a dipping speed of 10 mm/min, while maintaining the surface pressure of 
the film at 25 dyne/cm. 25 or 24 layers had been deposited on the plates. The FT-IR of the multilayer films 
formed on the CaF, plate was Identical with that of the product obtained in Example 7. It was also confirmed 
by means of its area-time curve that the film was of Y type. 

In X-ray diffraction analysis, no peaks were observed since the films were thin and did not contain Cd^ 
55 or the like when the film was formed according to the Example 7. 
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EXAMPLE 10 

In a flask was reacted with 2.18 g (O01 mol) of pyrromeilitic add anhydride with 5.40 g (0-02 mol) of 
stearyl alcohol at ca. 100°C In for 3 hours a stream of dry nitrogen. 

The thus obtained product was dissolved in 40 ml of hexamethylphosphoramide and cooled to 0 to 
5°C. Then 238 g of thionyl chloride was added dropwise to- the reaction mixture at ca. 5°C, and the 
resulting mixture was maintained at the same temperature for 1 hour to allow the reaction to complete. 

Thereafter, a solution of 2 g (0.01 mol) of diaminocD phenyl ether m 50 ml of dimethylacetamide was 
added dropwise to the reaction mixture, and the reaction was allowed to continue for ca 1 hour after the 
completion of the dropping. The reaction mixture was then poured into 600 ml of distilled water to 
precipitate the product The precipitate formed was filtered and dried at 40°C to give ca. 9 g of light yellow 
powders. 

The frius obtained product was analyzed by IR spectrometry, thermogravimetric analysis (VGA) and 
differential thermal analysts (DTA), and its molecular weight was measured by the GPC method. The 
following results were obtained. 

IR Spectrometry 

The IR chart shown in Rg. 28 was obtained by the KBr disc method. Absorption peaks characteristic of 
esters, amides I, II and tfl, alky I chains and enters are observed in the chart 



Thermal Analysis fTGA-PTA> 

The thermal properties of the product, were measured in a nitrogen stream by using an RTG-DTA of 
type H manufactured by Rigaku Densi Co- Ltd., under the following conditions: TGA full scale, 10 ml; DTA 
fuD scale, 100 uV; maximum temperature, 1,000*0; and rate of heating, 10°C/min. and the resutts shown in 
Fig. 29 were obtained. In the TGA are observed inflection points at 271, 318, 396 and 592*0. in the DTA is 
observed a characteristic peak at around 657°C. 

On the other hand, Rg. 30 shows TGA and DTA curves obtained at the time when a sample of the 
precursor was heated up to 400 °C at a heating rate of 10°C/min. maintained at the same temperature for 1 
hour, cooled to room temperature, and then heated again up to 1,000°C at a heating rate of 10°C/min. 
When maintained at 400 for 1 hour, the sample attained at almost constant weight, that is to say, the 
imidation reaction was completed. When the sample was cooled to room temperature, and then reheated, it 
showed no change in its weight up to temperature exceecfing 450 °C, and its thermal decomposition started 
at 584 °C, which is identical with the thermal decomposition temperature of corresponding polyimide films. 
Accordingly, it can be said that a product having a heat resistance comparable to that of polyimide films 
could be obtained by completing the imidation. 



Measurement of Molecular Weioht by GPC 

A number average molecular weight of ca. 30,000 (reduced to polystyrene} was obtained by GPC 
measured in N r N-dimettiyftorrn amide. 



EXAMPLE 11 

In a 82 mixture (by volume) of distilled chloroform and distilled dimethyfformamide was dissolved 55.1 
mg of the product obtained in Example 10 to prepare 25 ml of LB film spreading solution. 

The relationship between surface pressure («) and area per recurring unit was measured on the surface?: 
of redistilled water, and the results shown in fig. 31 was obtained. The surface pressure rose steeply at 
around 75 AVunit, and a good condensed films was formed. Its limiting area was 60 AVunft. and its collapse 
pressure was 55 dyne/cm. which is extremely high as a polymeric LB film. When the film was held on the 
surface of water, maintaining its surface pressure at 25 dyne/cm, its surface area showed no decrease over 
a period of two hours and the film remained stable. 
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The film was transferred onto a glass plate or a CaF, plate by Langmuir-Blodgett technique at a dipping 
speed of 10 mm/min, thereby maintaining the surface pressure at 25 dyne/cm. 61 or 60 layers, respectively 
were deposited on each plate. The multilayer films built up or deposited on the CaF 2 plate gave an FHR 
shown in Fig. 32, which is Indentical with that of the product obtained in Example 10, It was also confirmed 

5 by its area4me curve that the deposited film consisting of Y-type layers, one peak was observed at 20 = 
4.65° in spite of the fact that the film did not contain Cd** or the like. 

When n is 3. and X is 1.5418 A under Braagg/s d i ffrac ti on condition of nx being 2d • sin 0, a thickness 
of monolayer film is calculated as 2BJS L The result is considered as being almost in conformity with a 
value provided that a long chain alkyl groups in arnphiphJiic poiyimide precursor stands vertically. 

10 It was confirmed by the peaks at 1790 and 1710 cm" 1 in its FT-IR analysis that a, ^-unsaturated 5- 
membered imide rings were formed when the deposited film were heated at 400 °C for 1 hour. 

ft was also confirmed by (R spectrometry that imtdatton took place when the product obtained in 
Example 10 was heated at 400 °C for 1 hour, thereby decreasing its weight by 58% by weight, which is well 
in conformity with the theoretical value of 58.7% calculated with the assumption that stearyi alcohol was 

is eliminated by the imidation. 



COMPARATIVE EXAMPLE 1 

20 A poiyimide precursor was synthesized In the same manner as in Example 10, except that n-decyl 
alcohol (n-CHj.OH) was used Instead of stearyi alcohol. As far as IR spectrum, thermal analysis and 
molecular weight measured by GPC are concerned, the poiyimide precursor showed the same characteris- 
tics as those of the poiyimide obtained in Example 10. However, the surface pressure-area curve of the 
precursor, shown in Fig. 33, indicates the presence of a liquid expansion phase and denies the existence of 

25 a condensed phase. It would, therefore, be apparent that an alkyl group containing only 10 carbon atoms 
wouid be too short to give a polymer capable of forming a stable condensed film. 



EXAMPLES 12-14 

30 

Example 10 was repeated, except that lauryl alcohol (containing 12 carbon atoms), myristyl alcohol - 
(containing 14 carbon atoms) or cetyl alcohol (containing 16 carbon atoms) were used instead of stearyi 
alcohol. In cases where alcohols containing 12 to. 14 carbon atoms were used, there were obtained products 
showing characteristics between those of the products prepared from C» and C« alcohols. In the case 
35 where the C« alcohol was used, there was obtained a product capable of forming a condensed film which 
was as stable as In the case of C. 



EXAMPLE 15 

AO 

1051 g of pyrromelGtic acid dianhydride was reacted with 27.05 g of stearyi alcohol at 120°C for 3 
hours* The product obtained was recrysta liize d from 200m I of ethanol to give distearyi pyrromellitate having 
a melting point of 133*137*0. 3.79 g of this distearyi pyrromellitate was dissolved in 60 cc of hexamethyh 
phosphoramide and cooled to 5°C, and then 1.19 g of thionyl chloride was drop wise added thereto at about 

46 5°C. By allowing the solution to stand for about one hour after the dropping, the reaction was completed. 
Subsequently, 1.2 g of diaminodiphenyl ether dissolved in 30 cc of cfimethylacetamido was dropw.se added 
at about 10°C, and after reaction was conducted for two hours by elevating the reaction temperature to 
about 20 °C, the reaction mixture was poured in 400 cc of ethanol to precipitate the reaction product, which 
was filtered and dried at 40"C, whereby ca. 3.4 g of pale yellow powder was obtained. 

so The results of the measurement of molecular weight by IR spectrum analysts, thermal analysis (TGA- 
DTA) and GPC were as follows. 
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ffl Spectrum Analysis 

As the IR chart obtained by KBr disc method is shown fn Rg. 34, there appeared the absorption peaks 
characteristic of esters, amides I IL and HI, alky! chains, and ethers. 

5 

Thermal Analysis fTGA-OTA) 

The result obtained by measuring by the use of an RTG-DTA of type H, manufactured by Rigaku Denki 
70 Co., Ltd., under the following conditions: TGA tun scale, 10 mg; DTA full scale, 100 uv; maximum 
temperature. 1000°C; rate of heating, 10°C/mirt; and nitrogen stream of 30 ml/min is as shown in Rg. 35. 
In the TGA are observed inflection points at 203, 270. 354, 403, and 580 *C, white in tie DTA is observed 
no characteristic peak. 

is 

Measurement of Molecular Weight bv GPC 

A number average molecular weight of ca. 15,000 (reduced to polystyrene) was obtained by GPC 
measured in a mixed solvent of chloroform and N,N<imemylacetamide (8 : 2). 

20 

EXAMPLE 16 

In an 8 : 2 mixture (by volume) of distilled chloroform and alstilled dimethylacetamide was dissolved 
25 55.1 mg of the product obtained in Example 15 to prepare 25 ml* of LB film spreading solution. 

The relationship between surface pressure and area per recurring unit was measured at 20°C on the 
surface of redistilled water, and the result shown in Rg. 36 was obtained. The surface pressure rose steeply 
at around 60 A^unit, forming a good condensed film. The limiting area was 55 A7unrt, and the collapse 
pressure was 45 dyne/cm (Rg. 36-A). When the above described solution and a solution of stearyi alcohol 
30 having the same molar concentration as the above described solution were mixed in equal volumes and the 
surface pressure-area curve was evaluated by making the sum of the number of recurring units in the 
product obtained In Example 15 and tbe-number of molecules of the stearyi alcohol equal to Rg. 36-A, the 
result as shown by B was obtained. It would be apparent that by the addition of stearyi alcohol the rise of 
the curve becomes still further steeper, and the collapse pressure also rises to ca. 60 dyne/cm, thus the 
35 film being stabilized. 

The deposition on the glass substrate on which aluminum was vacuum evaporated or which was treated 
with si lane coupling agent A-1100 or A-1 87 was found to be of Y-type whether stearyi alcohol was added or 
not and the deposited film obtained was equally good. 

Further, when a 1 : 1 mixture (molar ratio) of the product obtained in Example 15 and stearyi alcohol 
40 was layered on a germanium substrate, and heated at 400 8 C for one hour in a stream of nitrogen, there 
were observed the disappearance of the stearyi group and fre appearance of five-numbered ring imJde of 
1790, 1710 cm" 1 according to FT-ATTWR process. 



45 EXAMPLE 17 

2.47 g of dfstearyl pyrrorneBftate synthesized In the same manner as in Example 15 was cooled to 0 to 
5°C in 12 cc of dry hexamethylphosphoramide, and was acylated with 0.744 g of thtonyt chloride. The 
acylated product thus prepared was then added with stirring at room temperature to an aqueous solution 
sa which was beforehand prepared from 0.358 g of resorcinol and 0.26 g of sodium hydroxide. 

The precipitate formed was separated and purified by reprectpHation to give 032 g of white powder. 
The results of the measurement of molecular weight by : I spectrum analysis, thermal analysts, and GPC 
were as follows. 

55 
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IR Spectrum Analysts 

As the IR chart obtained in the same manner as in Example 15 is shown in Fig. 37, there appeared the 
absorption peak characteristics of esters and alky! chains. 

5 

Thermal Analysis 

The result obtained by measuring in the same manner as in Example 15 is shown in Fig. 38. In the 
io TGA were observed inflection points at 265. 355, and 397°C, and although at 265 °C or higher a rapid 
thermal decomposition begins, it is considered that the product is thermally stable up to around 200 °C. On 
the other hand, in the DTA were observed a sharp heat absorption peak at 160°C and a broad heat 
evolution peak seemingly due to broad thermal decomposition. 

is 

Measurement of Molecular Weight bv QpC 

A number average molecular weight (reduced to polystyrene) measured In the same manner as in 
Example 15 was about 7,000. 

20 

EXAMPLE 18 

173 mg of the product obtained in Example 17 was dissolved in a 19 : 1 mixture (volume ratio) of 
25 chloroform and dimethylacetamkie to prepare 10 ml of LB film spreading solution. 

Trie relationship between surface pressure and area per recurring unit was measured at 22 "C on the 
surface of redistiBed water. The film was expansive and collapsed at ca. 30 dyne/cm, as shown in Fig. 39. 
The film could be deposited on a substrate at a surface pressure of 20 dyne/cm at a dipping speed of 10 
mm/mi n only when the substrate was being taken out - 
30 Next the above solution was mixed with stearyl alcohol as in the case of Example 16, and a surface 
pressure-area curve of the product was evaporated. The curing showed a steep rise as indicated in Fig. 39- 
B. It was also confirmed from the area-time -curve that a Y-type film was formed on a glass substrate in the 
case where the above solution was mixed with stearyl alcohol at a molar ratio of 1 : 1. 

35 

EXAMPLE 19 

Synthesis of an Amohiohilic Hioh Porvmer from TrimBllitic Acid Monostearvl Ester and 2.5-Oiaminoberv 
zamide 

40 

In a 200 ml four neck flask an acid chloride was prepared from trimellrtic acid monostearvl ester (2.31 
g, 5.00 miliimoles), HMPA (30 ml), and thionyf chloride (1.19 g. 10.0 millimoles). Thereto was dropwise 
added 2,5-diaminobenzamide (0.756 g, 5.00 miliimoles) at about 5°C with stirring by the use of a 
mechanical stirrer. Stirring was further continued for more than one hour, and the temperature was slowly 
45 restored to room temperature. The resulting red-brown reaction liquid was poured in 500 ml of ethanol, 
while stirring by the use of a mechanical stirrer, when a white precipitate was formed. The precipitate was 
filtered, washed first with water and then with ethanol, and dried under a reduced pressure, whereby 
polyamide 5 (2.30 g, yield 80%) was obtained as a pale yellow solid. The structure was identified by *H- 
NMR and IR spectrum. 

50 The results of the measurement of molecular weight by 'H-NMR, IR spectrum analysis, thermal analysis 
(TGA-DTA), and GPC are as follows. 
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*H-NMR Analysts 

The proton NMR spectrum obtained In DMF-d, + CDCI, was assigned as follows. 
50.7 -1.7 <m. 35H CaCH^H,,) 
5 54.25 (t 2H CQ£H£*Ha) 
5750 -&40 (m. 6H, aromatic) 

The proton of CONH could not be observed. 



70 IR Soectrum Analysis . 

As the IR chart obtained by KBr disc methods is shown in Fig. 40, there appeared the absorption peak 
characteristic of ester amides I II. and III and aJkyi chains. 

is ^ 

Thermal Analysts fTGA-DTA) 

The result obtained by measuring by the use of an RTG-OTA of type H. manufactured by Higaku DenW 
Co., Ud„ under the conditions: TGA full scale, 10 mg, DTA fun scale. 100 ilv, maximum temperature. 
20 1000°C: rate of heating, 10°C/min; and nitrogen stream of 30 mlAnin is as shown in Fig. 41. in the TGA 
were observed inflection points at 230. 288. 360. 400. 460. and 507° C and a characteristic peak in the 
vicinity of 525*C. 

On the oflier hand. Fig. 42 shows the result obtained when the product was heated up to 450 °C at rate 
of 10°Gftnin. and maintained at 450°C for one hour. Although the weight slowly decreases by heating at 
2s 450 Q C for one hour, heat-resistant at around 400 to 450°C may be expected- 

In the IR spectrum of the compound which was obtained by the ring closure of the amphtphific high 
polymer In this example as above It was confirmed that the absorption resembling that of the imide linkage 
is observed and fte alky) group disappears. Also, the weight decrease after the heating at 450*C for one 
hour is 48.4%, which is in good agreement with the theoretical decrease 50.1% in the case where a ring 
30 closure structure is formed by the efimination of stearyl alcohol and water. 



Measurement of Molecular Weight by GPC 

35 By GPC measured in a mixture of N,N-dimethylacetamide and chloroform a number average molecular 
weight of about 16.000 (reduced to polystyrene) was obtained. 

The product obtained in this example was dissolved in a 5 : 5 mixture (volume ratio) of distilled 
chloroform and distilled dtmethylacetamide to prepare 2S mi of LB film spreading solution. 

The relationship between surface pressure and area per recurring unit was measured at 20 °C on the 
40 surface of redistilled water. The result obtained is shown in Fig. 43. The surface pressure rose steeply from 
ca. 50 AVunft. forming a good condensed film. The collapse pressure was 30 dyne/cm. When stearyl 
alcohol was mixed in an equimolar amount an extremely good surface pressure-area curve was obtained - 
(Hg.44). 

It was brought to light that when the amphiphific high polymer in this example mixed with an equimotar 
4B amount of stearyl alcohol is layered on the glass substrate on which aluminum was evaporated, a deposited 
film of Y type was obtained. 

In addition the 61 layers deposited film obtained in the above described way had a thickness of ca. 
1800 A, and the electrical insulation characteristic was found to be excellent by the measurement of 
capacitance. 

so Further, it was also confirmed from the peaks at 1790 cm" 1 and 1710 enr' by FMR analysis that when 
said deposited film was heated at 450° C tor one hour a Bnkage resembling the imide linkage was formed. 

• arti-'W&W! fcv 
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EXAMPLE 20 

10.81 g of pyrromellitic acid dianhydride and 27.05 g of stearyt alcohol were allowed to react at 120*C 
for three hours, and the product was recrystallized from 200 ml of ethanol to give pyrromelfitic acid 
5 dlstearyl ester of nup, 133 -137 B C. 



Synthesis of an Amphfohilic High Polymer from Pvrromellttic Acid Dlstearyl Ester and 2.5-Dlamlnoben- 
zamide 

TO 

In a 200 ml four neck flask, an acid chloride solution was prepared at room temperature from 
pyrromeintic acid distearyl ester (3.80 g, 5.00 millimoles), thionyi chloride (1.19 g, 10.0 millimoles), and 
HMPA (50 ml), and thereto was dropwise added 2,5-diamlnobenzamide (0.765 g, 5.00 millimoles) dissolved 
in dimethytacetamide (30 ml) at about 5°C with stirring by the use of a mechanical stirrer, and stirring was 

15 further continued for more than one hour, and then the temperature was slowly restored to room 
temperature. After the reaction liquid was filtered through Kiriyama fitter, similar to Buchner funnel, the 
filtrate was poured in 500 ml of ethanol, in which a pale yellow precipitate was formed. The precipitate was 
filtered off, washed first with water and then with ethanol. and dried under a reduced pressure, whereby 
poJyamide (3.55 g, yield 81%) was obtained as a yellow solid. 

ao The results of the measurement of molecular weight by A H-NMR, IR spectrum analysis, thermal analysis 
(TQA-DTA) and GPC are as follows. 



H-NMR Analysis 

25 

The proton NMR spectrum obtained in a solution of DMF-d, + CDCt, is as shown in Rg. 45. 



IR Spectrum Analysis 

30 

As the IR chart obtained by KBr disc method is shown in Rg. 46, there appeared the absorption peak 
characteristic of esters, amides I, II, and ill, and alkyt chains. 



35 Thermal Analysts fTGA-DTA) 

The result obtained by measuring by the use of an RTG-DTA of type H, manufactured by Rigaku Denki 
Co- Ltd.. under the conditions: TQA full scale, 10 mg; DTA full scale, 1000 uv, maximum temperature, 
1000°C; rate of heating, 10°C/min; and nitrogen stream of 30 mi/min is shown in Rg. 47. 
40 In the TQA were observed inflection points at 238, 292, 355. 400, 485, and 5d2»C, and in the DTA was 
observed no characteristic peak. 

On the other hand, Rg. 48 shows the result obtained when the product was heated up to 500* C at a 
rate of 10°C/min. and maintained at 500° C for one hour. Even when heating was made at 600° C for one 
hour, there was found almost no decrease in the weight indicating the heat stability, so that heat resistance 
45 can be expected at a temperature above 500 °C. 

Although the IR spectrunv of the compound obtained by the ring closure of the amphophilic high 
polymer in this example as above is low in the percent transmission as shown in Rg. 48, the absorption 
resembling that of the imide Bnkage can be observed. Also, the weight decrease observed after the heating 
at 500°C for one hour is 64.7%, which is well in conformity with the theoretical decrease 84.1% in the case 
so where polyimideisoindoloquinazoiinedione is formed by the elimination of stearyl alcohol and water. 



Measurement of Molecular Weight by GPC 

55 By GPC measured in a mixture of N,N-dimethytacetamide and chloroform a number average molecular 
weight (reduced to polystyrene) of about 42,000 was obtained. 

55.1 g of the product obtained in this example was dissolved in an 8 : 2 mixture (volume ratio) of 
distilled chloroform and distilled dimethytacetamide to prepare 25 ml of LB film spreaoing solution. 
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The relationship between surface pressure and area per recurring unit was measured at 20°C on the 
surface of redistilled water. The result obtained is shown in fig. 50. The surface pressure rose steeply from 
about 90 AVunit forming a good condensed film. The limiting area was 75 A z Ainit. and the collapse 
pressure was 30 dyne/cm. 

5 When mixed with an equi molar amount of stearyf alcohol there was obtained an extremely good 

surface pressure-area curve (Fig. 51). 

It was brought to fight that when the amphlphilic high polymer in this example mixed wfffi an equimolar 

amount of stearyl alcohol was deposited on the glass substrate on which aluminium was vacuum 

evaporated a deposited film of Y type was obtained. 
to in addition, the 61 layers accumulated film obtained in the above described way had a thickness of ca. 

1800 K and the electric insulation characteristic was found to be excellent by the measurement of 

capacitance. 

Further, it was also confirmed from foe peaks at 17S0 cm*' and 1710 cm* 1 by FT4R analysis that when 
said accumulated film is heated at 500°C for one hour, a linkage resembfing the imide finkage is formed. 

75 

EXAMPLE 21 

10.91 g of pyrromeltific acid danhydride and 27.05 g of stearyf alcohol were allowed to react at 120°C 
20 for three hours, and the product was recrystallized from 200 ml of ethanol to give pyrromeffific acid 
distearyl ester of rrup. 133 -137°C. 



Synthesis of an Amohiohflic Hi oh Polymer from Pvrrornegitic Acid Distearvl Ester and Tetraammobanzldari 

25 

In a 200 ml four neck flask an amount (234 g, 3.74 mflfimoles) of pyrromellitic acid distearyl ester was 
weighed out and dissolved in hexamethylphosphoric triarmde (HMPA, 30 ml). When thlonyl chloride (037 
g. 7.48 mflSmoles) was dropwise added at 5°C under a stream of nitrogen with stirring by the use of a 
mechanical stirrer, and further the stirring was continued for one hour, a pale yellow pasty acid chloride was 

30 obtained. By adding 30 to 40 ml of methylene chloride (dried with calcium chloride) the solution was made 
homogeneous. In a separate 200 ml four neck flask, tetraammobenadin (0300 g, 3.74 miliimoies) was 
dissolved in dimethytacetemide (30 ml), and the above described solution of -acid chloride was dropped in 
this solution over about 30 minutes at about 5°C in a stream of nitrogen with stirring by the use of a 
mechanical stirrer, After stirring for an additional three hours the temperature was slowly restored to room 

35 temperature. After the reaction was complete, by pouring the reaction mixture In 500 ml of ethanol with 
stirring by the use of a mechanical stirrer, a pale yellow precipitate was deposited. When the precipitate 
was filtered through Ktriyama filter, washed with water and then with ethanol. and dried under a reduced 
pressure, 031 g (yield 26%) of amphiphflic high polymer was obtained. 

The results of measurement of molecular weight by "0H-NMR, IR spectrum analysis, thermal analysis - 

40 (TQA-OTA), and GPC are as follows. 



t H*NMR Analysis 

45 The proton NMR spectrum obtained in a solution of DMF~d, + CDCI 3 was assigned as follows: 
5130 (m, 70H OMSHtCoH*) 
5435 (t, 4H COtCHtCoHc) 
5735 -635 (m. 8H Aromatic) 

The proton of CONH could not be observed. 



IR Spectrum Analysis - ' ' 

As the IR chart obtained by KBr disc method is shown in Bg. 52. there appeared the characteristic 
55 absorptions of esters, amides 1, 11, and HI, and alkyl chains. 
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TTCTnalAnglYgi? (tga-dta) 

The result obtained by measuring by the use of an RTG-DTA of type H. manufactured by fiigaku Denki 
Co.. Ltd., under the conditions: TGA full scale, 10 rng; DTA full scale. 100 U-v; maximum temperature, 
1000°C; rate of heating. 10 o C/mlru and nitrogen stream of 30 mt/min is as shown In Fifc. 53. 

in the TQA were observed inflection points at 200, 275, 330, 385, and 605°C. and in the DTA was 
observed no characteristic peak. 

On the other hand. Rg. 54 shows the result obtained when the product was heated up to 400'C at a 
rate of 10 B C/min, and maintained at 400 °C for one hour. By heating at 400° C for one hour an almost 
constant weight was attained. Heat resistance may be expected up to about 400 to 450°C. 

in the (R spectrum of the compound which was obtained by the ring closure of the amphophilic high 
polymer in this example as above it was confirmed that the absorption resemfing that of the imide linkage is 
observed and the alkyl group disappears. Also, the weight decrease after the heating at 400° C for one hour 
is 65.0%, which Is substantially in conformity with the theoretical decrease 61.7% in the case where a ring 
closure structure is formed by the elimination of stearyl alcohol and water. 



Measurement of Molecular Weight bv GPC 

By GPC measured in a mixture of N^l-dimethylacetamide and chloroform a number average molecular 
weight (reduced to polystyrene) of about 28,000 was obtained. 

The product obtained in this example was dissolved in an 8 : 2 mixture (volume ratio) of distilled 
chloroform and distilled dlmethylacetamide to prepare 25 ml of LB film spreading solution. 

The relationship between surface pressure and area per recurring unit was measured at 20°C on the 
surface of twice-distilled water, and the result obtained is as shown -In Fig. 55. The surf ace_ pressure rose 
steeply from about 75 AVunft, forming a good condensed film. The limiting area was 63 AVuntt and the 
collapse pressure was 35 dyne/cm. 

When mixed with an equimolar amount of stearyl alcohol an extremely good surface pressure-area 
curve was obtained (Fig. 56). 

It was brought to light that when the amphiphiiic high polymer in this example mixed with an equimolar 
amount of stearyl alcohol was deposited on the glass substrate on which aluminum was vacuum evaporated 
an deposited film of Y type was obtained. 

In addition, the 61 layers accumulated film obtained in the above described way had a thickness of ca. 
1800 A, and the insulation characteristic was found to be excellent by the measurement of capacitance. 

Further, it was also confirmed from the peaks at 1790 cm- 1 and 1710 cm- 1 by FT-IR analysis that when 
said accumulated film is healed at 400°C for one hour, a linkage resembling the imide linkage is formed. 

According to the present invention the high polymer whose film could not inherently be obtained by LB 
process can be formed into film through said process by modifying thereof. Furthermore, the high polymer 
may be formed Into thin films having so thinner thickness of less than 10,000 A, or if desired, into ultra thin 
film having thickness of 10 to 1000 A, which is generally hardly attainable, by partially or completely 
cyciizing the polymer compounds if necessary. The thin films, thus formed, have an extremely excellent 
properties in heat resistance, chemical resistance as well as mechanical characteristics and are free from 
pin holes. 

While the invention has been described In detail and with reference to specific embodiments thereof, It 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

1. An amphiphinc high polymer, which comprises a linear recurring unit containing at least one divalent 
organic group (R,) having at least two carbon atoms, at least one divalent organic group (R,) having at least 
two carbon atoms, and at least one C 10 ^ydrocarbon-contain!ng group (Ri) which may have one or more 
substituent groups, said organic groups R, and R* being connected to each other by a divalent connecting 
group, and said hydrocarbon-corrtaining group R 3 being covalentry bonded to said recurring unit 

2. An amphiphiiic high polymer as defined in claim 1 , wherein at least one of the organic groups R, and 
R, contains at least two hyo^carbon-containing groups R 3 per recurring unit 
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3. Ah amphiphflfc high polymer as defined in claim 1 or 2, wherein said hyorocarbon-contalning group 
Rj contains from 16 to 22 carbon atoms. 

4. An amphiphffic high polymer as defined in claim 1, wherein at least one of said organic groups R, 
and R, is a group comprising a benzenoid structure having at least 6 carbon atoms. 

s 5. An amphiphiOc high polymer as defined in claim 2, wherein said hydrocan^n-corrtaining group R, 
contains from 16 to 22 carbon atoms, and at least one of organic groups R t and R» comprises a benzenoid 
structure having at least 6 carbon atoms. 

6. An amphophilic high polymer as defined in claims 1, 2,3 or 5, wherein the hydrocarbon-containing 
group R> is selected from aliphatic groups, connecting groups of aficycfic group and aliphatic group, 

to connecting groups of aromatic group and aliphatic group, or subsffiuents thereof. 

7. An amphophilic high polymer as defined in claim 1 or 2, wherein said recurring unit is provided with a 
' precursor capable of forming a 5-or B-membered ring containing at least one hetero atom. 

8. A process for producing en amphtphtlic high polymer comprising a Dnear recurring unit containing at 
least one divalent organic group (R.) having at least two carbon atoms, at least one divalent organic group - 

15 (Rx) having at least two carbon atoms, and at least one C^o^hydrocarborHJontaining group (Rj which may 
have one or more substituent groups, said organic groups being connected to each other by a divalent 
connecting group, and said hydro<^rborhcontaining group being covaientry bonded to said recurring unit, 
which process comprises polycondertsating a combination of a monomer containing a first organic group - 
(Rt) and a monomer containing a second organic group (RJ. at least one of said organic groups R. and R, 

20 containing one or two Rj groups, and said combination being selected from those set forth below: 
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in which A represents en acidic group, end B represents a basic group. 

9. A process for producing an amphiphiGc high polymer as defined in claim 8. wherein two 
J5 hydrocarbornxmtaining groups (Ra) are contained per recurring unit 

10. A process for producing an amphophilic high polymer as defined in claim 8, wherein said 
hydrocarbon-containing group R 3 is a group containing 16 to 22 carbon atoms. 

11. A process for producing an amphiphiGc high polymer as defined in claim 8, wherein at least one of 
said organic groups Ft, and R, is a group comprising a benzenoid structure having at least 6 carbon atoms. 

2Q 12. A process for producing an amphiphiGc high polymer as defined in claim 8, wherein said 
hydrocarbon-containing group is a group selected from the group consisting of aliphatic groups, connecting 
groups of aiicycfic group and aliphatic group, connecting groups of aromatic group and aliphatic group, or 
substftuents thereof. 

13. A process for producing an amphiphiiic high polymer as defined In claim 8, wherein said recurring 
25 unit is provided with a precursor capable of forming a 5-or 6-membered ring containing at least one hetero 

atom. 

14. A process for producing an amphiphiiic high polymer as defined in claim 8, wherein the recurring 
unit is substituted by one or more R, groups according to at least one method which comprises 

0] substituting one or more atoms contained in AB and/or BA groups of said linear recurring unit by 
35 one or more R 3 groups: 

[U] directly substituting R, and/or R, groups by one or more R* groups; or 

[III] introducing one or more R 3 groups into R, and/or R* through through the substituent which is not 
involved in the formation of the linear recurring structure. 

15. A process for producing an amphophilic high porymer as defined in claim 14, wherein in Method [I] a 
35 hydrogen atom attached to the nitrogen atom contained in group AB or BA is substituted by R* group - 

{wherein A represents an acid group and B represents a basic group). 

16. A process for producing an amphophilic high porymer as defined in claim 14, wherein in Method [III] 
a group R a is directly introduced into R, and/or Ra in the recurring units. 

17. A process for producing an amphiphiGc high polymer as defined in claim 14, wherein in Method [in] 
40 a group Ra is introduced into groups in the form of -COOR* -CONHFU, -NHCOOFL -NHCSOR* -NHR* -OR, 

or-SRa. 
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